In 4 experiments, stimulus elements were arranged into an LED-like array, and letters were defined within the array by feature similarity between the elements with respect to color and form. These stimuli allowed the display of a target and a distractor letter simultaneously at the same location. They were spatially inseparable but could be separated in feature space. Participants had to identify the letter on a prespecified feature dimension (color or fonn). As a result, the distraetors produced specific compatibility effects. This showed that nontarget features could not be ignored at an early stage (i.e., that color and form were processed automatically and in parallel up to a high stage). The target was selected from the resulting objects according to the prespecified feature dimension. Results demonstrate that object selection is possible without selecting absolute spatial arrays.
Although it is widely acknowledged that attention plays a major role for the selection of relevant information from the environment, there is an ongoing dispute about the unit of selection. Some researchers assume that attention is purely space based, whereas others propose that objects are selected. A major problem in resolving this issue is that objects occupy a unique space, which makes it difficult to distinguish both accOWlts. As a consequence, almost all of the results interpreted in favor of object-based selection are confounded by location. Therefore, we used a new type of stimuli in the present research that avoided such a confounding.
The most prominent models of space-based selection are the spotlight metaphor (e.g., B. A. Eriksen & Eriksen, 1974; B. A. Eriksen & Hoffman, 1972; Posner, 1980; Posner, Snyder, & Davidson, 1980) and its derivatives (c. W. Eriksen & SI. James, 1986; LaBerge, 1995) . The spotlight model asSumes that attention can be restricted to a contiguous region of the visual field, where information is processed preferentially. Additionally, it is hypothesized that the size of the spotlight cannot be reduced below a certain minimum. Support for such an account has been provided by targetf1anker experiments, in which a target letter has to be identified in the presence of flanking letters. If the f1ankers were located close to the target, then the participants could not prevent the compatibility between distractors and target to affect target identification. However, by increasing the distance between target and distractors, the f1anker effect could be reduced. It was assumed that the f1ankers were located outside the attentional spotlight (B. A. Eriksen & Eriksen, 1974; B. A. Eriksen & Hoffman, 1972) .
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Although space-based models of attentional selection have been predominant during the past few decades, it has also been suggested that selection operates on objects rather than on space. Unfortunately, because objects usually occupy a unique space, it is difficult to distinguish between object-based and space-based selection. Duncan (1984) tried to circumvent this problem by superimposing two objects: an outline rectangle and a line. Each of the objects had two relevant attributes, and the participants had to judge two of the four attributes in succession on each trial. It turned out that performance was superior when the two attributes referred to one object rather than to two. This result was interpreted by Duncan as evidence for object-based selection. Recently, however, Vecera and Farah (1994) argued that space could still have been involved. If one abandons the notion of a spotlight and assumes that attention can be focused on grouped arrays, that is, exclusively on the space occupied by an object irrespective of its form, then a line superimposed on a rectangle can also be selected by means of spatial information (see also Kramer, Weber, & Watson, 1997) .
Another method to confirm object-based selection is to vary feature relations between the items in a display while preserving their spatial relations. It is thought that, if, for instance, feature similarity modulates object relations, and the selection efficiency varies accordingly, then this could be considered as evidence for object-based selection. Such a method has been applied by several researchers (e.g., Baylis & Driver, 1992; Harms & Bundesen, 1983; Kramer & Jacobson, 1991) . For example, Kramer and Jacobson (1991) used the target-f1anker paradigm and varied the color similarity between target and distractors in one condition. As a result, when target and distractors were of the same color, the interference increased, which was interpreted in favor of object-based selection. However, in another experiment Kramer and Jacobson found that the spacing of the items modulated this effect. Therefore, they concluded that neither an object-based nor a space-based model could fully account for their data and proposed a grouping-strength model, in 1556 First publ. in : Journal of Experimental Psychology / Human Perception and Performance 25 (1999 ), 6, pp. 1556 -1567 Konstanzer Figure I . Examples of stimuli used in Experiment I. Letters result from grouping by form and by color (luminance). If the square elements are grouped (grouping by form), then the result is an H in all cases. In the consistent and inconsistent stimuli a second letter (E or S) results from grouping by color.
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spatial selection to a minimum, we arranged elements into an LED-like array (see Figure I) . Within this configuration, letters were defined by feature similarity between the elements with respect to color or form. By using two feature dimensions, up to two different letters can be presented simultaneously within one stimulus. Depending on the specific dimension that attention is focused on, one or the other letter can be segregated and selected. Moreover, analogous to the target-f1anker paradigm, a target letter can be displayed along with a compatible or incompatible distractor letter. However, here the target is defined not by its location relative to that of the distraetor but by its respective feature dimension.
If one presents such stimuli, how could an observer's visual system separate and select the target letter'? One way would simply be to ignore a specific feature, For instance, when the target is defined by luminance and one of the lower right stimuli shown in Figure I is given, then it could be segregated by filtering out the black elements, or put differently, by selecting the white ones. In this case, grouping by proximity would be sufficient for obtaining the global letter form. The target feature merely serves to determine the spatial array that has to be selected from the display (cf. Shih & Sperling, 1996; Tsal & Lavie, 1993) . If an observer's visual system proceeds in such a way, then there should be no specific effect of an object defined on the nontarget-feature dimension (form, in our example) because its array is "hidden behind" the target's array.
However, there is physiological (e.g., Livingstone & Hubel, 1988; Zeki & Shipp, 1988) as well as experimental (e.g" Boucart & Humphreys, 1992; Humphreys & Boucart, 1997; Treisman, 1988; Treisman & Gelade, 1980) evidence that calor and form dimensions are processed, at least to some extent, in separate pathways. Therefore, another way for separating the letters in our stimuli would be to select not a single feature but a feature dimension. Within each whidl the output of the grouping process arc not discrete objects but are entities organized along a continuum of grouping strength.
The results of these experiments demonstrate that the spotlight model of attention is too simple to account for all the data. However, on the other hand, they provide no clear evidence that attentional selection is possible without spatial information. The grouped-array model in particular is extremely difficult to differentiate from object-based selection. Obviously, spatial relations as well as feature relations determine which items in the display are grouped and selected simultaneously. Thus, although one can argue that grouped items constitute an object and that objects are therefore selected, one can also claim that not objects per se but their spatial array is selected. In any case, the idea that objects and features actually affect spatial selectibn cannot be excluded.
Furthermore, in visual search, where features have been shown to affect attentional selection (e.g .. Duncan & Humphreys, 1989; Treisman, 1988; Treisman & Gelade, 1980; Wolfe, 1994) , there is evidence that the effects are mediated by location. For instance, Tsal and Lavie (1993) found that after the detection of a color target the participants were faster at detecting a subsequent item adjacent to the target than at detecting an item that was similar in color. This suggests that features as such cannot be selected abstractly, only indirectly by their location (see also Shih & Sperling, 1996) . These results again show that location plays a major role for selection. Features appear to merely modulate the efficiency of selection.
Given these results, it seems justified to assume that attentional selection is primarily space based, although not in a simple spotlight manner. What is selected are grouped arrays. Such a model can even explain the selection of superimposed objects by a space-based mechanism, at least if their arrays are sufficiently separated, which is usually the case with superimposed line drawings (e.g., Duncan, 1984; Neisser & Becklen, 1975; Rock & Guttman, 1981) . In many studies concerned with object-based selection, because one object in the visual field had to be selected to the exclusion of another (e,g" Baylis & Driver, 1992; Harms & Bundesen, 1983; Kramer & Jacobson, 1991) , it is conceivable that not only the array of the target object was sampled in a preferred manner but also that the arrays of competing objects were suppressed. Although Neisser and Becklen (1975) did not see any reason to assume such a suppression, more recent data indicate that inhibitory processes play an important role for attentional selection (for an overview, see Milliken & Tipper, 1998) .
In any case, for showing that object selection is possible without absolute spatial information, one needs objects that cannot be separated by their spatial arrays. One possibility would be to superimpose the spatial arrays of two objects to a large extent. However, how can two objects share the same spatial array without one object occluding the other? This is possible with the new stimulus type introduced here, one that allows researchers to display two spatially inseparable objects simultaneously, which, nevertheless, can be perceived individually. To reduce the information available for imension, the items can then be grouped with respect to feature similarity. Applied to our example stimuli in the lower right portion of Figure 1 , this means that, for selecting the luminance-defined letter, one would not select the white items but the complete color (luminance) infonnation while ignoring fonn differences.
Alternatively, it is conceivable that, despite this controlled selection process, the infonnation on the nontarget dimension is also automatically processed up to some degree in the fonn pathway. Unfortunately, the literature is inconclusive about how far form and color are processed independently and the extent to which people can access one information and ignore the other. For instance, Callaghan (1989) found that texture segregation on one dimension was impaired when a second irrelevant dimension varied, which contradicts a strong independence assumption. Humphreys and Boucart (1997) showed that there are independent processing pathways for form and color but that the activation within one pathway can influence the activation in the other (see also Boucart & Humphreys, 1992; Cohen, 1997; Pashler, 1988) . Taken together, in most experiments some kind of interaction between color and fonn pathways was found. However, it is not clear at what stage the interaction takes place. In any case, it cannot be ruled out that color and fonn are processed independently, at least at some stages. For instance, it could be possible that the objects in our stimuli were selected at a relatively late stage depending on their constituting features, irrespective of the absolute location of their spatial arrays. If this were the case, then one would expect the distractors to produce corresponding compatibility effects.
These considerations show that different selection processes predict different effects of the distractor letters in our stimuli. Because the objects are not spatially separable, feature processing is inevitable for their segregation and selection. If feature infonnation merely detennines the absolute spatial array that is selected, then there should be no specific distractor effects and we can conclude that the selection was space based mediated by features. On the other hand, if specific distractor effects occur, then this indicates that fonn and color information are processed in separate pathways up to an object stage and that the selection was object based mediated by features.
Four experiments were conducted to test these predictions. In the first experiment, additional to fonn, luminance was used as a feature dimension. In the other three experiments, hue was used instead. For convenience, both luminance and hue are regarded as a "color" dimension. Because it is known that the segregation of elements increases with their contrast ratio (Beck, Graham, & Sutter, 1991) , we used several luminance ratios in Experiment 1.
Experiment 1

Method
Participants. Six 20-to 27 -year-olds (I man and 5 women) participated in the experiment. All had normal or corrected-tonormal vision and participated either for course credit or for payment.
Apparatus. The stimuli were presented on a 19-iri. (48.26 cm) color monitor with a resolution of 1,280 X 1.024 pixels, which was connected to a graphics board with 256 gray levels and a refresh rate of 75 Hz (noninterlaced). A PC controlled stimuli presentation and response registration.
Stimuli. The stimuli consisted of 26 elements that were arranged within a 6 X 7 grid so that the resulting global shape was similar to that of a figure eight (see Figure I) . At a viewing distance of 127 cm, which was held constant by a chin rest, the global shape subtended a visual angle of 3.0°horizontally and 3.6 0 vertically. The elements subtended 0.41" X 0.42°, respectively. Different element types were used to construct letters in the LED-like array. The element types differed with respect to their form, color, or both. With respect to form, squares and double crosses were used as elements (see Figure I ). The color of the elements was varied in three different contrast conditions, which are explained shortly.
A target letter was defined by element similarity with respect to a given target dimension (color or form). With respect to a given dimension, the elements belonging to the letter or object and the remaining elements are denoted as foreground and background elements, respectively. For the form dimension, the squares were used as foreground elements and the double crosses as background elements. For instance, the squares in each of the bottom stimuli in Figure I can be grouped to result in the form of an H. In most conditions not only the target letter was present in a stimulus, but also a distractor letter defined by similarity with respect to the nontarget dimension. For instance, if the lower consistent stimulus in Figure I is grouped by color (luminance), then the result is an E.
Four different letters, E, H, P, and S, were used and were mapped onto two response categories, (E, HI and jp, sI.
There were three different contrast conditions (for examples, see Figure 1 ):
1. Low contrast: Foreground elements were displayed with a luminance of 82 cd/m 2 and the background elements with a lower luminance (45 cd/m 2 ) on a black screen (0.314 cd/m 2 ).
2. Medium contrast: The same luminances as in the low-contrast condition were used, except that the background elements had a luminance of 32 cd/m 2 .
3. High contrast: Foreground elements were white (82 cd/m 2 ), whereas the background elements were black (0.314 cd/m 2 ) on a gray screen (45 cd/m 2 ).
For each of these contrast conditions, there were two target dimensions (color and form) and four consistency conditions:
I. Identical: The target letter was present on both dimensions (color and form).
2. Single: Only the target letter was presented (on the target dimension).
3. Consistent: A letter different from the target letter but belonging to the same response category was present on the nontarget dimension (i.e., the letter was response compatible).
4. Inconsistent: A letter from the other response category was present on the nontarget dimension (i.e., it was response incompatible).
Examples of corresponding stimuli are shown in Figure I . Procedure. At the beginning of each trial, a cue appeared for 500 ms in the center of the screen. The cue consisted of the outline of a rectangle in a size that corresponded to that of the whole stimulus. After a blank interval of 600-900 ms, the stimulus was presented for 160 ms and was followed by a blank screen. One thousand milliseconds after the response, the next trial began with the appearance of a cue. Response errors were signaled by a tone.
The color of the cue informed the participants of the target dimension: A white cue and a blue cue indicated form and color, respectively. The task of the participants was to classify the letter 
Discussion
First, our results show that the participants were able to select a letter defined on a prespecified feature dimension, even when it was superimposed by a different letter defined on a different feature dimension. Most important, however, the specific information on the nontarget dimension could not be ignored. The identity of the distractor letters produced specific effects. Incompatible distractors increased the latencies and error rates to a larger extent than did compatible ones. When the feature dimensions differed in saliency, as in the low-contrast condition, then it was not surprising that the information on the stronger dimension affected performance. However, even when both dimensions were similar in dominance, as in the black-white condition, the specific information on the nontarget dimension could not be ignored. dimension, F(2, 10) = 31.1, p < .00 I, between contrast and consistency, F(6, 30) = 4.83, p < .01, and between target dimension and consistency, F(3, 15) = 4.56, p < .05, were reliable. Finally, the interactions among all three factors were significant, F(6, 30) = 14.2, p < .001. Altogether, the error rates varied in a way similar to the latencies, so that speed-accuracy trade-off effects can be excluded. Response times (Rn) . Only the latencies of correct responses were included in the data analysis. The mean Iatencies were entered into a three-factor analysis of variance (ANOYA) for repeated measurements on all factors: contrast (high, medium, and light), target dimension (color and form), and consistency (identical, single, consistent, and inconsistent).
Although the consistency factor was significant (556, 588, 660, and 712 ms), F(3, 15) = 10.9, p < .001, neither the main effect of contrast nor that of target dimension turned out to be reliable. However, there was a significant interaction between the contrast factor and the target dimension factor, F(2, 10) = 16.5, p < .001. The results of this experiment are shown in Figure 2 . It is obvious that the (RT) differences between the form and luminance dimensions decreased with increasing luminance. The performance for both dimensions was almost identical in the high-contrast (black-white) condition. Furthermore, the interaction between the contrast factor and the consistency factor was reliable, F(6, 30) = 5.39, p <
.001, whereas the interaction between the target dimension and the consistency factor was not, F(3, 15) = 3.11, p = .058. However, there was also an interaction among all factors, F(6, 30) = 4.06, P < .01.
Because the black-white condition seemed to be the most interesting one for the present objective, we applied additional post hoc Bonferroni t tests for paired comparisons to these data. We tested whether the mean latency difference between the single and the consistent condition, and that between the consistent and inconsistent conditions, was reliable. It turned out that the former difference (118 ms) was significant, t(1l) = 3.86, p < .01, as well as the latter (64 ms), t(ll) = 5.38, p < .01.
Error rates. The error rates are also given in Figure 2 . Errors occurred, on average, in 14.2% of the trials. After an arcsin transformation, we submitted the error rates to a three-factor ANOYA analogous to that for the latency data. All main effects were significant: the effects of contrast, F(2, 10) = 10.2, P < .01, of target dimension, F(1, 5) = 9.25, p < .05, and of consistency, F(3, 15) = 42.5, p < .001.
In addition, the interactions between contrast and target on the target dllTleTlSIOTl by presslllg onc out of two response buttons with tbelr mdex or mIddle finger. respectively, of the same hand. The mapping of the letter pairs to the response keys (or fingers) was counterbalanced across subjects.
Altogether there were 24 conditions: three eolor conditions (Iow cOlltrast, medium contrast, and high contrast), two target dimen· slons (color and form, describing the dimension through which the target letter was defined), and four consistency conditions (identi caL single, consistent, and incollsistent).
The color conditions were blocked, where thc sequence oj blocks was counterbalanced between participants. All other condi· tlOns were randomized within each block. One block consisted of 64 tn:l" It look three I·hr ses',i, illS for each participant. Each block consisted of 64 stimuli: six blucks were c:lrried uut for training, and 30 blocks were carried out for the data. Altogether, there were SO trials for each condition and participant, resulting in 2,304 trials for each participant.
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Our n.:sults show that object seleclion IS possible without spatial information. The feature-mediated processes did not rely 01\ thc absolute location of the object's spatial array. Rather. the interference effects suggest that selection took place at a relatively late stage of processing. Thus, grouping by similarity and object formation seems to have occurred in parallel on both feature dimensions. The target was then selected from the resulting objecls according to the specified target dimension. If the feature of the target had merely determined the spatial array to select, the remaining array would not have been suflicient for the identiflcation of the distractor letter and, consequently, there should have been no compatibility effects.
In accord with Kramer and Jacobson's (1991) groupingstrength model, the efficiency of grouping and selection depended on the saliency or strength of the features. By varying the contrast (luminance differences) between the items in the display, the relative difficulty between color (luminance) selection and form selection could be modified. With the low-contrast stimuli, the selection of form was relatively easy, whereas the participants had great difficulties in color selection. The large error rate for color targets in the inconsistent condition indicated that the participants often either identified the letters on the nontarget (form) dimension or simply guessed. However, with increasing contrast, the color-selection performance improved, whereas the form-selection performance decreased. In the high-contrast (black-white) condition, the performance was similar for both dimensions, which indicates that color grouping and form grouping were equal in strength in this condition.
Although our results indicate that grouping proceeded automatically on individual feature dimensions, it was obvious that a pattern on the nontarget dimension also produced nonspecific costs. The fact that even consistent stimuli produced longer latencies than single-letter stimuli suggests that the processing on one dimension was affected by feature heterogeneity on the other dimension. However, does our heterogeneity effect simply reflect an increase in grouping difficulty, or was there a conflict at higher stages? The result that an identical letter on the nontarget dimension produced no latency increase, relative to the single-letter condition, suggests that grouping across heterogeneous elements is more difficult than grouping across homogenous ones. Yet, there could also be some selection conflict in the case of two different objects. It bears mention that in target-f1anker experiments, compatible f1ankers also have a positive effect relative to neutral and incompatible f1ankers, but not relative to no f1ankers (e.g., B. A. Eriksen & Eriksen, 1974) , at least when the f1ankers are presented simultaneously with the target (cf. Grice & Gwynne, 1985) . This is the reason why compatibility effects are often defined relative to a neutral baseline condition.
Because no neutral objects were included in Experiment I, it is open whether a compatible but different letter on the nontarget dimensions produced faster responses than a neutral object. A neutral condition would also allow one to estimate the negative effect of heterogeneity. If simply grouping difficulty is increased with compatible distractors relative to a single-letter condition, then neutral distractors should have similar effects as compatible ones. This prediction was tested in a second experiment. To investigate the effect of heterogeneity in some detail, we included several neutral conditions that differed in this respect. Maximum heterogeneity was obtained by alternating the features of the nontarget dimension across elements. In two additional neutral conditions, heterogeneity was reduced by separating the elements into two contiguous regions, each with a different but homogeneous non-target-dimension feature. The two conditions differed with respect to the relative length of the two regions. Because the homogeneous regions had some objectlike character, we could regard them as neutral objects.
Because of the high error rates in the medium-and low-contrast conditions of Experiment I, we retained only the black--white conditions and used an additional red-green condition.
Experiment 2
Method
Participants. Eight 19-to 27-year-olds (I man and 7 women) participated in the experiment. All had normal or corrected-tonormal vision and participated either for course credit or for payment.
Stimuli. The stimuli were similar to those used in Experiment I. However, instead of the low-and medium-contrast conditions, here a condition was used in which the foreground and background elements were red and green, respectively. Using a simple matching procedure, we adjusted the intensities of red and green so that they were roughly similar in luminance. However, we did not consider the objective that the elements were of equal luminance as crucial for the present experiment.
The same letters and categories used in Experiment I were used here. Concerning the neutral conditions, there were different structural arrangements on the nontarget dimension, which we describe next.
Conditions. Altogether there were 24 conditions: two color conditions (black-white, green-red) X two target dimensions (color and form) x six consistency conditions. The consistency conditions were as follows:
I. Single: Only the target letter was present. There was no pattern on the nontarget dimension.
2. Alternate: The features of the respective nontarget dimension alternated across elements.
3. Neutral short: With respect to the nontarget dimension, the stimulus was divided into two contiguous regions of foreground and background elements, respectively. The regions were of the same length (i.e., there were as many foreground elements as there were background elements). Two structures of this type were used.
4. Neutral long: The same construction rule as in the neutralshort condition was used, except that the region containing foreground elements was extended, so that its length corresponded approximately to that of the letters. Two structures of this type were used.
5. Consistent: A letter different from the target letter but belonging to the same response category was present on the nontarget dimension.
6. Inconsistent: A letter from the other response category was present on the nontarget dimension.
Procedure. The procedure was the same as that used in Experiment I. The color conditions were blocked, and the order of 1"61
Results
As in the first experiment, there were specific distractor effects. Also, the occurrence of a compatible but different letter on the nontarget dimension slowed the responses considerably relative to a single-letter stimulus. However. even compared with the neutral conditions, there was a latency increase for consistent stimuli. This is different from results observed in target-flanker experiments (e.g., B. A. Eriksen & Eriksen, 1974) and shows that the performance reduction in the consistent condition, relative to the singleletter condition, does not rely exclusively on an increased grouping difficulty. Rather, what seems to matter is the presence of a response-relevant object on the nontarget dimension. However, how can the specific performance reduction for consistent objects be explained? Despite considerable saliency difference between color and shape in the red-green condition, the latencies between the neutrallong and the consistent conditions increased to the same extent for both dimensions, suggesting that some kind of selection conflict at a higher state of processing might have occurred not only in the inconsistent conditions but also in the consistent ones. We discuss this hypothesis in more detail later.
The results for the different neutral distractors show that there were nonspecific costs for grouping across different features on the nontarget dimension. Thus, the processing of color and form was not totally independent, which is in line with other results (e.g., Callaghan, 1989) . Furthermore, there were some qualitative differences between the two color conditions. Grouping in the black-white conditions was different from that in the red-green conditions. When form Discussion condition (alternate and long) and target dImenSIon as factors. Results show that the interaction between the two factors Was significant. F ( I, 7) ,~13.9, P < .0 I. A similar analysis with the red-green data revealed only a significant condition effect, F( 1,7) , 14.9, p < .01.
For a more detailed analysis of the differences between the consistent, neutral, and inconSistent stimuli, we computed two additional post hoc Bonferroni t tests for paired comparisons. One test concerned the ditTerence between the neutral-long and the consistent conditions (9~ms), which turned out to be significant, t(31) ='= 7.21, p < .00 I Furthermore, the difference between the consistent and inconsistent conditions (60 illS) was tested and found 10 he significant, t(31) == 3.65, p < .00 l.
Errors. The error rates are also shown in Figure J . Errors occurred, on average, in 8.09% of the trials. After an arcsin transformation, we subjected the error rates to a three-factor ANOVA analogous to that for the latency data. RTI. The mean latencies of correct responses were subjected to a three-factor ANOVA for repeated measures on all factors: col or (hlackwhite, red-green), target dimension (color and form), and cunsistency (single, alternate, short. long, consistent, and inconsistent).
The results are gIven in Figure 3 . Only the main effect of consistency was significant F(5, 35) 32.3, p < .001.
However, consistency interacted with the color factor, F(S, 35) = 3.21, p < .05, and the color factor interacted with the dimension factor, FO, 7) = 6.16, P < .05. Finally, there was a significant three-way interaction among all factors,
To analyze the obvious difference between the alternate and long condition for the black--white data in more detail, we computed a post hoc ANOVA for these data with hlocks was countcrhalanced hetween subjects. All other condillonw ere randomized within each block. It took three to tour I-Ill sessions tor each participant. Each block consIsted 01 96 stimuli. Four blocks were carried OLlt j()r training and 20 blocks tor collectmg the data. Altogether. there were XO experimental trials to! each condition and participant, resulting in 1,920 trials for each pm1icipanl. features had to be grouped across elements with alternating contrast polarity, the performance was more impaired than in the alternating red-green condition. The difference between the two color conditions was less pronounced for neutral forms with larger contiguous regions of elements. That grouping across different directions of contrast is difficult has also been shown by visual search results (Treisman, 1993) . On the other hand, there is evidence that attention can be directed selectively to elements of the same contrast polarity (Theeuwes & Kooi, 1994) .
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Condition
Thus, the results of both experiments are consistent with the interpretation that grouping proceeds automatically and, to a large extent, independently on both feature dimensions and that a selection conflict occurs when two responserelevant but different objects are present. Because we used the same set of letters in both experiments., we tested the generality of these effects in a third experiment with a different set of letters and neutral forms.
Experiment 3
Method
Participants. Eight 16-to 32-year-olds (3 men and 5 women) participated in the experiment. All had normal or corrected-tonormal vision and participated either for course credit or for payment.
Stimuli. The stimuli were of the same type as those used in the previous experiments. However, this time the letters were A, F, P, and S. The letters A and F belonged to one response category and P and S to the other. Along with the letters, there were two neutral distractor forms that had the same extent as the letters. Only red-green was used as the color dimension. There were five different consistency conditions, depending on the forms present on the nontarget dimension.
Conditions. Altogether, there were 10 conditions: two stimulus dimensions (color and form) X five consistency conditions:
1. Identical: The target letter was present on both dimensions (color and form).
2. Single: Only the target letter was present. No pattern occurred on the nontarget dimension.
3. Neutral: A response-irrelevant structure (one of the two neutral forms, ) was present on the nontarget dimension. 4. Consistent: A letter different from the target letter but belonging to the same response category was present on the nontarget dimension.
5. Inconsistent: A letter from the other response category was present on the nontarget dimension.
All conditions were randomized within each block, which comprised 80 trials. Two blocks were carried out for training and 8 blocks for collecting data. Altogether, there were 64 experimental trials for each condition and participant. The procedure was identical to that used in Experiment I. To analyze the relevant consistency effects in more detail, we computed planned comparison between the neutral and the consistent condition and between the consistent and the inconsistent conditions. The former revealed a significant difference, F(1, 7) = 27.1, p < .01. The responses were faster (731 ms) when a neutral form was present on the nontarget dimension than when a compatible letter was present (791 ms). Furthermore, the latency difference between the consistent and inconsistent condition was significant, F(l, 7) = 13.1, p < .01. Responses to consistent stimuli were faster (791 ms) than those to inconsistent stimuli (820 ms).
Errors. The error rates are also shown in Figure 4 . Errors occurred, on average, in 9.99% of the trials. After an arcsin transformation, only the mean error rates for the relevant consistency differences were analyzed. Although consistent stimuli produced fewer errors than inconsistent ones (10.1% vs. 23.7%),F(1, 7) = 52.0,p < .001, there was no reliable difference between the neutral and the consistent condition, F(l, 7) = 1.74. In any case, there was no indication of a speed-accuracy trade-off effect with regard to the relevant conditions.
Results
RTs. The mean latencies of correct responses were subjected to a two-factor ANOVA for repeated measurements on all two factors: target dimension (color and form) and consistency (identical, single, neutral, consistent, and inconsistent) .
The results are shown in Figure 4 . Only the consistency
Discussion
Compared with the first two experiments, the consistency effects here were smaller but reliable and point in the same direction as before. Again, consistent stimuli produced latencies that were increased relative to the neutral condition but that were faster than those to inconsistent stimuli. This shows that thcse effccts occurred under different stimulus conditions. Different from Experiment 2, however, the latencies for form and for color targets were similar. This could have been due to a learning effect. In Experiment 2 fonn remained constant throughout the blocks, whereas the color dimension varied (hlack-white vs. red-green). Thus, there were twice as many form trials as red-green trials. Here, hoth trial types were equal in number. However, there were also large individual differences. Although 3 of 8 participants had a color advantage in Experiment 2, their numher increased to 5 in the present experiment. Therefore, it is possible that the mean difference hetwecn the latencies for the c.olor and the form dimension was affected by the specific samplc of participants.
Experiment 4
The results obtained in the last three experiments with our spatially inseparable letter objects demonstrate that the letters defined on the nontarget dimension were also processed. We interpreted the resulting consistency effect in the way that the participants were not able to ignore the information on the nontarget dimension. However, one might argue that the participants were in principle able to ignore the irrelevant letter but that randomizing the target dimensions encouraged them to encode the information on both dimensions on each trial. To test this objection that the consistency effect was merely a matter of task set, we conducted another experiment, in which a given target dimension remained constant throughout a block of trials. For comparison, we also included a condition with randomized target dimensions. Usually, consistency effects are increased in conditions in which attention has to be switched between stimulus dimensions across trials, relative to conditions with a constant dimension (e.g., Hubner, 1997) . Thus, we predicted a reduction of the consistency effect under a constant target dimension. However, we expected it to still be significant.
We also tested whether the increased latencies for consistent stimuli relative to neutral ones were due to the fact that unknown shapes occurred on the nontarget dimension of neutral stimuli. One could argue that letters distract attention to a greater extent than do unknown shapes. Thus, here, letters were used as neutral shapes.
Method
Participants. Eight 22-to 43-year-olds (4 men and 4 women) participated in the experiment. All had normal or corrected-tonormal vision and participated either for course credit or for payment.
Stimuli. The stimuli were identical to those used in the previous experiment, except that the letters Land U were used as neutral distractors. Also, only stimuli corresponding to the neutral, consistent, and inconsistent conditions were presented. Thus, in this experiment two different letters always occurred in each stimulus, one on the target dimension and one on the nontarget dimension.
Conditions. There were 12 conditions total: two stimulus dimensions (color and form) x two block types (constant target dimension and randomized target dimension) x three consistency conditions:
1. Neutral: A response-irrelevant letter (one out of the two neutral letters LJ and L) was present on the nontarget dimension.
2. Consistent: A letter different from the target letter hut belonging to the same response category was present on the nontarget dimension.
3. Inconsistent: A letter from the other response category was present on the nontarget dImension.
The consistency conditions were randornized within each block. In blocks with a constant target dImenSIOn, only one target dimension occuned throughout the trials. The randomized blocks were analogolls to those ll1 the previous experiment. Four blocks (one for each target dimension and two with randomized target dimensions) were administered for training. Twenty blocks of 4R trials were then run iA two I-hr sessions for collecting the data. Altogether, there were 80 experimental trials for each condition and participant.
Procedure. The procedure was identical to that in Experiment 3. Here, however, blocks with a constant target dimension were also included. They alternated with blocks, in which the dimensions were randomized, where each participant started with a constant dimension. The target dimension (color or form) in the first block was balanced across participants.
Results
RTs. The mean latencies of correct responses were subjected to a three-factor ANOVA for repeated measurements on all factors: target dimension (color and form), block type (constant target dimension and randomized target dimension), and consistency (neutral, consistent, and inconsistent).
The results are shown in Figure 5 . Block type had a dimension than in those with randomized dimensions (675 vs 791 ms). Also, the target dimension factor was significant. F( L 7) 23.3. JI <: .01 This time the participants responded faster to col or-defined targets than to formdetlned targets (699 vs. 767 ms). A significant two-way interaction between block type and target dimension. F ( 1,7) 12.9, JI <: .0 I, indicated that the latency difference between the dimensions was smaller for the constant dimensions than for the randomized ones (47 vs. RR ms).
Furthermore, thc consistency factor was significant, F (2, 14) 59.3, JI <: .00 I. The mean latencies for responses to neutral. consistent. and inconsistent stimuli were 704. 736. and 760 ms, respectively. However, there was a reliable interaction between consistency and target dimension, F(2, 14) RAO, JI <: .0 I, reflecting that consistency affected form-defined targets more than color-defined targets. Obviously, under randomized target dimensions there was no difference between the RTs for consistent and inconsistent color-defined targets. A closer look at the data revealed that this ww, due to 2 participants, who were faster in the inconsistent than in the consistent color-target condition, and their other data were in the range of those of the other participants.
Finally, consistency and block type interacted significantly, F(2, 14) = 6.80, p <: .01. To test whether the consistency effects were also reliable under constant target dimensions, we computed two planned pairwise comparisons. They indicated that the responses to neutral stimuli were significantly faster (18 ms) than those to consistent stimuli, t(15) = 2,47, p <: .05, and that the responses to consistent stimuli were faster (22 ms) than those to inconsistent stimuli, t(15) = 3.78, p <: .01.
Errors. The error rates are also shown in Figure 5 . Errors occurred, on average, in 7,48% of the trials. After an arcsin transformation the mean error rates were analyzed analogous to the latencies. Block type had a significant effect, F(I, 7) = 19.2, p <: .01. Fewer errors occurred with a constant target dimension than with randomized target dimensions (5'(l% vs. 9.9%). Also, the target dimension factor was significant, F(1, 7) = 14.7,p <: .01. Fewer errors were made with color-defined targets than with form-defined ones (5.6% vs. 9.3%). Finally, the consistency factor was reliable, F(2, 14) = 30.2, p <: .001. The error rates for neutral, consistent, and inconsistent stimuli were 4.1 'lo, 5.0%, and 13.3%, respectively.
Of the two-way interactions, those between block type and target dimension, F(1, 7) = R.56, p <: .05, and target dimension and consistency, F(2, 14) = 6,46, p <: .05, were significant. The former intemction indicated that the error rate difference between the dimensions was smaller for constant target dimensions than for randomized dimensions, whereas the latter interaction indicated that there was a smaller consistency effect for color-defined targets than for formdefined ones. Because the error rates varied in the same way as the latencies, we excluded speed-accuracy trade-off effects.
Discussion
The results of this experiment demonstrate that the consistency effects observed in our previous experiments were not due solely to the randomization of the target dimension. which might have encouraged the participants to select infOlmation on both dimensions. Although, on average, the consistency effects were larger with randomized target dimensions than with constant ones, they were still reliable in the latter condition. Thus. even under a constant target dimension, inconsistent stimuli produced longer RTs than did consistent ones. Also, the result that neutral stimuli were processed faster than consistent ones was replicated under constant target dimensions. Moreover, this was the case even though letters were used as neutral forms here. Thus, the latter effect was not due to a larger distracting effcct of known forms relative to unknown ones. A positive efIect of the constant target dimensions was that the error rates were considerably reduced relative to the conditions with randomized dimensions in this and the previous experiments. This shows that the consistency effects as reflected by the latency data do not rely on high error rates.
Different from our previous experiments, here responses to color-defined targets were faster than those to formdefined ones. As mentioned before, there were large individual differences in this respect. Here, 7 of 8 participants had a color advantage. Thus, the participants in this experiment might represent an unbalanced sample. Yet, it cannot be excluded that also some experimental factors, such as the experience with a constant target dimension, were responsible for the appreciable color advantage.
General Discussion
The present research was concerned with the ongoing controversy of whether attentional selection is space or object based. Although there is ample evidence that object relations and feature relations between items in the visual field affect the efficiency of selection, this questions only the validity of simple space-based models, such as the spotlight metaphor, but not more sophisticated accounts of spatial selection. Unfortunately, the fact that selected items or configurations usually occupy a unique space makes it difticult to investigate object or object-based selection without confounding it by location. Particularly, the groupedarray hypothesis of spatial selection (Vecera & Farah, 1994) , which states that attention can be focused exclusively on the spatial array occupied by an object irrespective of its form, makes it difficult to demonstrate object-based selection that is not mediated by location. Thus, in most cases in which the effects of features or spatial arrangements were interpreted in favor of object selection (e.g., Baylis & Driver, 1992; Duncan, 1984; Harms & Bundesen, 1983; Kramer & Jacobson, 1991) , it can also be argued that the effects were due to variations of the efficiency with which the corresponding spatial arrays could be selected.
For not confounding object selection with location, in the present experiments, space was replaced by features as the basis for selection. The substitution was accomplished using LED-like arrays as stimuli, in which objects could be defined by means of feature similarity between the elements with respect to their color or form. In particular, these stimuli allowed us to display two spatially inseparable objects simultancously within onc array, which nevertheless could be perceived individually. Because spatial information was not sufficient for the selection of a certain object, the participants had to attend to a certain feature dimension for extracting the relevant object. Consequently, objects could merely be separated in feature space, but not in space. However, analogous to the target-ftanker paradigm, interference effects could be investigated using compatible or incompatible distraetOrs (cf. B. A. Eriksen & Eriksen, 1974) .
We hypothesized that. if the melevant feature or feature dimension could be ignored or filtered out at an early stage of processing. then there should he no specific distractOr efkC1S. On thc other hal\d, the occurrence of such effects would indicate that the selection took place at a higher stage and consequently that in this case the information must have been processed on both dimensions simultaneously up to that stage.
All four experiments reported here clearly demonstrate specific distractor effects. When the object on the nontarget dimension was incompatible with the response to the target, performance was reduced relative to a compatible distractor. This dIect shows that the selection was neither accomplished by filtering out a certain feature at an early stage nor by simply selecting the spatial array defined by the relevant feature (cL Shih & Sperling, 1996) . As mentioned in the introduction, if a certain (background) feature could be filtered out, then the remaining elements could be grouped by proximity alone to give the shape of the target letter. In this case, the remaining information with respect to the nontarget dimension would be insufficient for the grouping of the distractor letter. For instance, if the selection of a color-defined target in the red-green condition had been accomplished by filtering out the green background elements, then the remaining red foreground elements would not have been sufficient for extracting the form-defined distractor. Consequently, there should have been no specific distractor effects. The same argument holds for the hypothesis that features determine the spatial array that is to be selected.
Our data are also incompatible with the notion that the infonnation of a specific feature dimension or of a corresponding processing stream (e.g., Livingstone & Hubel, 1988 : Zeki & Shipp, 1988 can be selected at an early stage. Also in this case one would have expected no compatibility effects. Thus, we can exclude that selection occurred early and that it was based on spatial information. Rather, our results indicate that the information was processed in parallel on the form and on the color dimension or in the respective pathways up to a high stage. This is consistent with the hypothesis that grouping proceeds preattentively (e.g., BenAv, Sagi, & Braun, 1992; Enns & Kingstone, 1995; Moore & Egeth, J997; Treisman, 1982) , at least to some extent. In any case, following Kramer and Jacobson's (1991) groupingstrength model, we can even state that grouping occurs simultaneously on different feature dimensions.
The observed performance reduction under the neutral distractors relative to no distractors shows that there were also nonspecific effects produced by feature heterogeneity on the nontarget dimension. This indicates that the process-156.'1 ing was not entirely independent in the different pathways (cf. Boucart & Humphreys, 1992 : Callaghan, 1989 Cohen, 1997 : Humphreys & Boucart, 1997 : Pashler, 1988 . How ever, the nonspecific effects were small relative to the compatibility effects. Therefore, it can be assumed that the processing on both dimensions proceeded not only in parallel but also to a large extent independently. This implies that the selection took place at a relatively late stage, where the output was even identified up to a certain degree. Attention merely served for the selection of an object according to the prespecifted feature dimension. where this process was ait'ected by the identity of the distractor.
DiJlerenl from other results. here C0!1S1stent stimuli pm duced slower responses than neutral ones. At first glance, this might seem to be a contradiction of otherwise similar results to those obtained with the targel~ftanker paradigm (e.g., B. A. Eriksen & Eriksen, 1974) . However, presenting a consistent stimulus meant, in our case, that two responserelevant objects had to appear at the same time at the same location. Thus, it is reasonable to assume that there was some kind of competition between response-relevant objects for being represented in visual short-term memory and for the control of behavior. For instance, if one assumes that objects are represented by object files (e.g., Kahneman & Treisman, 1984) , that is, by a temporary sensory representation of all the features present in a particular object, then several object files also must be created if several objects occur simultaneously. Moreover, each object file needs to be uniquely addressed in time and space. Our data suggest that it might not be possible to assign the same address to two object files without conflict. For consistent stimuli the resolution of this conflict consumes more time than the advantage produced by positive priming.
A representational account can also explain why stimuli containing two identical letters were processed considerably faster than two consistent but different letters. In this case, along with a nonspecific grouping advantage, the specification of a single letter (object file) is sufficient for a unique representation of the stimulus in visual memory. Interestingly, as the data of Experiment 4 demonstrate, familiarity of an object is obviously not sufficient for the creation of an object file. Even when letters instead of unknown shapes served as neutral distractors, they interfered less than compatible letters on the nontarget dimension. Thus, what seems to be important for the creation of an object file, at least for the superimposed objects used here, is that the respective object is response relevant.
A conceivable alternative account for our specific distractor effects would be to assume that the participants processed the two feature dimensions in succession. Assume, for instance, that the nontarget dimension was processed first on some trials, so that attention had to be switched to the other dimension. If the object on the nontarget dimension had already been identified, then compatibility effects would also be expected in this case. However, sueh an account is highly unlikely. It would also predict an advantage for consistent stimuli relative to neutral ones, which obviously was not the case. Thus, a simple attention-switching hypothesis does not hold, although one can think of additional assumptions that could account for the discrepancy. The main argument, however. is that attention switching predicts the performance on nonswitch trials to he similar in the different conditions. This implies, for instance, that the latencies of the fastest RTs in the neutral condition should be similar to those in the consistent condition. A reanalysis of our respective data revealed that this was not the case. Even the fastest latencies were sh0l1er in the neutral condition than those in the consistent onc. In view of these facts, we prefer a parallel account for our effects.
Onc of the reviewers was concerned about the fact that in former studies the ahsence of distractor effects was used to demonstrate object based selection, whereas in our experiments the presence of such effects was used instead. Indeed, with spatially separable objects it is usually concluded that, if distractors do not produce interference, they are segregated from the target, which is selected and processed as a whole (e.g., Baylis & Driver, 1992; Harms & Bundesen, 1983; Neisser & Becklen, 1975) . As mentioned before, however, these results are also compatible with the hypothesis that objects affect only the segregation process and the efficiency with which certain spatial arrays are selected, that is, they do not show object-based selection but that objects can affect spatial selection (cL Vecera & Farah, 1997) . On the other hand, in our experiments we observed featurebased object selection that does not rely on spatial selection. Nevertheless, there is a possible link between the two approaches that might explain the opposite effects. As mentioned in the introduction, there is evidence that spatial inhibition plays an important role in attentional selection. Thus, it is conceivable that object-based spatial selection proceeds not only by sampling the spatial array owned by the target object but also by inhibiting the arrays occupied by distractor objects. Such a procedure can even be applied to partially overlapping objects and could explain reduced distractor effects. However, this procedure cannot be applied to our stimuli. By placing the target into the same array as the distractor, we forced the visual system to refrain from object-based spatial inhibition. The spatial array of the distractor could not simply be inhibited because it was also occupied to a large extent by the target. Consequently, selection must be delayed to a later stage, at which it was based not on spatial information but on feature information and where, obviously, the identity of the distractor was known. Admittedly, this explanation of why consistency effects were observed here but not in other studies is highly speculative. Therefore, further research is needed to show whether it is valid.
In summary, several conclusions can be drawn from our results. First, object selection is possible that does not rely on absolute spatial arrays. Second, attention to features or feature dimensions does not simply determine the absolute spatial array to select. Third, form and color information cannot be ignored at an early stage of processing. Fourth, color and form can be processed (e.g., grouped) automatically and, to a large extent, independently up to a high stage, where attention to features can be used to select between the resulting objects.
